Introduction
During photosynthetic energy conservation in autotrophic higher plant chloroplasts light driven electron transport enables a thylakoid membrane bound protein complex to synthesize A TP. This ATP-synthase consists of the membrane integral C F n part and the peripheral CF, moiety, specifically at tached to C F () [ Secondary structure plots and calculations reveal a conserved amphipathic alpha helix in the N-terminal residues of subunits 6 of the six respective species sequenced so far.
From the sequence a hypothetical model of the secondary structure of the N-terminus of the 6 sub unit is deduced which shows an arrangem ent of polar residues suitable to conduct protons, i.e. to build an extension of the H^ channel of C F 0.
M aterials and Methods
The reagents for sequ en ce analysis were purchased from Applied Biosystem s; all other chemicals or sol vents were of the highest purity available.
Preparation o f C F ) was carried out by E D T A ex traction of thylakoid membranes, isolated from m ar ket spinach, as described by Lien and R acker [7] , except that D E A E Sepharose C L -6 B (Pharm acia) was used instead of D E A E Sephadex A 50. Protein determination was done according to Lowry [8] . S D S gel electrophoresis was carried out according to Lugtenberg [9] . Acrylamide (Fluka) concentration was 1 3.5% . On analytical gels (1 mm thick, 7 cm separa tion length) the samples ( Immunization o f rabbits was done as described [12] . About 2 0 0 -400 |xg CFj of electroeluted poly peptides were used for each injection; primary im munization by multisidal applications of 2.5 ml paste of antigen with compl. Freund's adjuvant (D ifco); booster injection intraveneously at four weeks inter vals with antigen in physiological buffer. The rabbits usually have been bled the 10th day after the second booster injection.
Western im m uno blots were carried out essentially as described by Towbin et al. [13] , but using horse radish peroxidase (H R P ) conjugated 2nd antibody, as described by Hawkes et al. [14] .
The amino acid sequence of the electroeluted poly peptides was determined by autom ated gas-phase Edm an degradation (Applied Biosystems Sequenator) and by identification of the PTH deriva tives [15] . 
Results

Isolation o f the delta polypeptide
Polypeptide 6 was first shown to be a subunit of C F ], purified from E D T A extracts according to the method by Lien and R acker [7] with an apparent molecular weight on SDS polyacrylamide gels of 17.5 kDa [17] . A fter staining with Amido black or Coomassie brilliant blue it takes up about 3 -5% of the stain [18] . For specific detection and quantitative determination of 6 only immunochemical tech niques, i.e. specific antibodies, can be used. This technique also proved highly valuable for detection and identification of contaminations in preparations of CF] 6 ; in our laboratory we have produced anti sera against all C F, and C F 0 subunits, except IV, and many other chloroplast proteins.
The procedures described for the isolation of 6 using pyridine/urea, stepwise extraction and anion exchange chromatography on D E A E cellulose [19] , or starting with a chloroform extract [20] do not lead to homogeneous preparations of spinach 6 [21] . Only after combination of the pyridine/urea method with gel filtration on Sephacryl S 300 minute amounts of 6 could be produced which showed on SDS polyacryl amide gel electrophoresis a single band.
These preparations were active; rebinding could be shown to membranes depleted of CF] by E D T A and in reconstitution of photophosphorylation by four-subunit CF! the dependency from the addition of this 6 polypeptide was titrated [22] ; immunization with this preparation of active 6 yielded serum Bo 167 and 168 [21] which, however, show a multiple " background" reaction in Western immuno blot analysis. Thus the isolated subunit appeared not pure enough for sequencing by automated gas-phase E d man degradation and analysis of the PTH derivatives [15] and also for immunization [12] . For these pur poses we isolated CF] 6 with better purity, but dena tured. Subunit 6 was separated from the other sub units by electrophoresis of CF! on preparative poly acrylamide gels [9] in the presence of 0 .1 % SDS and 2.5 m urea; the 6 containing region was excised and the polypeptide eluted [11] . The CF, had been pre pared from spinach chloroplasts according to [7] ex cept that the sucrose gradient centrifugation was om itted; contaminations by ribulose-bisphosphate carboxylase and ferredoxin-NADP reductase were observed, but can be tolerated for this isolation method of C F, 6 .
The electroeluted polypeptide appeared pure on analytical SDS gels and was sequenced according to ref. [15] . Although more than 90% of the protein was blocked at the N-terminus (initial yield 22 out of 300 pmoles injected), the N-terminal and three more residues could be identified: N H 2-Val -A sp -x -x -A la -x -x -T y r-x -x -.
Primary sequence o f the N-terminal amino acids o f the delta polypeptide
On the basis of the above results and the detection of proteolysis described in an accompanying paper the CF] preparation was carried out at 4 °C against the recommendation of Lien and R acker [7] , urea was omitted in separating SDS slab gels, the resolv ing length was increased to 20 cm and the gel pattern was stained with Coomassie brilliant blue (Serva G) before the excision of the ö band.
With this preparation in the second run in the gasphase sequenator 25 amino acid residues could be identified, in a third run with an independent prepa ration and online analysis of the PTH derivatives 35 residues (Fig. 1 ). (Table I), but not with mitochondrial F[ 6 , which seems to be homologous to C F t e [6] , Three residues are identical in all six sequences: T yr8, A la9 and A la u . The overall homology is low, but at several positions only conservative and com pensating exchanges -not boxed in Table I - (Fig. 2) .
The consensus program predicts for spinach 6 a turn at Ser6, A rg7, an alpha helix L e u 12-A la ]6, and another turn at Asn26, Ser27. Within the param eters used by this program the secondary structure of the other residues is unpredicted. The individual algorithms show more detail, however (Fig. 2) .
The same calculations were run with the sequences of the homologous polypeptides (plots not shown). The similarities in the N-terminal residues of the polypeptides from the six species are both seen in primary and secondary structure. Hydropathy plots and the distribution of polar residues show that the ö polypeptides do not contain hydrophobic sequences large enough to build alpha helical membrane spans; this is in agreem ent with the fact that Ö polypeptides can be resolved from the membrane without the use of detergents. An exception is OSCP which is not rem oved by E D T A from the mitochondrial m em brane. W e would like to draw attention to the conserved T y r8 (Table I ) and the strong amphipathic character of a short alpha helix, predicted by several secondary structure algorithms (Fig. 3) for spinach 6 . W e would especially like to draw attention to the distribution of acidic residues and other amino acids able to form Hbridges and/or to associate or dissociate H + along the three windings of the alpha helix.
Turns before or at Tyr8 and at G ly 2o, i.e. before and after the discussed alpha helix, and homologous residues in the respective sequences of the other species lead us to propose a model for the tertiary structure of the N-terminal amino acids of 6 from spinach CF] (Fig. 4 ) As mentioned, the N-terminus seems to be located in the protein interior. The model (Fig. 4) 1 9 8 7 ) ) the organization and sequence of the genes for A TP-synthase subunits in the Cyanobacterium Synechococcus 6301 are described. The deduced amino acid sequence forsub u nitöin th eregiond iscu ssed ab ove(cp . Table I) reads:
-
F -D -P -Y , , -A -E -A -L -M -A -I -A -R -E -Q -G -L -E -D -R -F -G -E -D -. If plotted
as helical wheel -the conserved Y -A -x -A -superimposed (cp. Fig. 3) -. this re gion shows the same amphipathic appearance, sug gesting the same function of polar residues close to the homologous tyrosin (cp. Fig. 4). 1 1 1 2 1 -1 1 1 2 8 (1 9 8 4 ) . 
